It is nearly twenty years since the principle and technique of fluorescein angiography were first described; the procedure has now become standardized and has found a regular place in the routine diagnosis of fundus disorders. Much of the contribution of angiography would have been sterile were it not for the parallel development of photocoagulation as a method of treating fundus disease, with initially the xenon-arc photocoagulator and later the ruby, argon and krypton lasers adapted for retinal therapy. The two techniques of angiography and photocoagulation are often complementary, so that the assessment of fundus disease before treatment is one of the prime indications for angiography. To this must be added its undoubted value in the diagnosis of retinal and choroidal disorders where conventional methods of examination are insufficient, and its positive research value in the study of the retinal circulation and of the the retina, pigment epithelium and choroid.
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There are, however, a large number of situations where fluorescein angiography is quite unnecessary and wasteful of time and expense, and the purpose of this review is to highlight the abuses of the procedure as much as its uses.
Dangers of fluorescein angiography
Fluorescein angiography has now been in use clinically for the last eighteen years and during this time several hundred thousand angiograms must have been performed throughout the world. That it is a relatively safe procedure is proved by the fact that the world literature contains not more than twenty reports of fatalities directly caused by the injection of fluorescein. The substance itself is a small molecule and therefore unlikely to provoke an acute allergic reaction and most of the deaths have been related to underlying cardiovascular or cerebrovascular disturbances. There is, however, a reported incidence of 0.4% of severe complications following injection; these include vasovagal attacks, bronchospasm, respiratory arrest, circulatory collapse, cardiac infarction, stroke and cardiac arrest, most of which require hospital admission. Minor complications and side effects are far more common.
Nausea occurs in about 10% of patients (series vary from 2-20ro> and vomiting occurs in 1-7%. Other minor disturbances include itching, rashes, sneezing, phlebitis at the site of injection and local pain when the injection has been extravascular.
Oinicallndlcations for fluorescein angiography

Optic disc
Fluorescein angiography still provides a valuable screening test in the evaluation of mild disc swelling. In situations where there is oedema of the nerve fibre layer or deep prelaminar tissue, the fluorescein will tend to leak out through the patent capillaries into the surrounding tissue and produce a characteristic angiographic pattern. The great advantage in these cases is that false positive abnormal fluorescence is not common and it is exceptionally rare to have I Based on papers read to Section of Ophthalmology, 8 February 1979. Accepted 3 December1979 0141-0768/80/050362-04/S01.00/0 (C) 1980 The Royal Society of Medicine negative fluorescence in relation to a pathologically swol1en disc; thus the technique still contributes to the differentiation of true papilloedema from pseudopapilloedema. In advanced disc swelling, an angiogram is rarely necessary as the pattern of leakage may be the same in a variety of conditions. Certain characteristic types of leakage can be seen in cases of ischaemic optic neuropathy where the swelling involves the deep rather than the superficial tissue, but the diagnosis is rarely in doubt clinically and the angiogram is no substitute for visual field testing and neurological assessment. Serial fluorescein angiography may also be of value in the follow-up studies of suspicious optic disc swelling allowing a further parameter for comparison. The presence of autofluorescence in an optic disc, existing before the injection of fluorescein into the circulation, is diagnostic of disc drusen either lying on or just below the surface. By contrast, fluorescein angiography plays no clinical role in the diagnosis of al1 forms of optic atrophy; the angiogram will usually show a reduction in the capillary population of the disc and a slowing of the retinal circulation through the eye, but the test has no value in the detection of early atrophy.
Fluorescein angiography can also be helpful in distinguishing new vessels on the optic disc from collaterals where there is doubt. New vessels lack the normal endothelial lining and tight junctions that are a feature of the retinal vasculature and therefore do not retain the dye which leaks into the surrounding tissue. By contrast, the collateral vessels have an endothelial lining which functions normally and they do not leak.
Lastly, angiography can be valuable in the assessment of disc abnormalities and tumours. In rare lesions an angiogram provides an additional method for examination which can be used to keep unusual lesions under observation although it may not be diagnostic.
Retinal vascular disease
One of the chief values of fluorescein angiography is the demonstration of the vascular architecture of the retina. The procedure allows an analytical view of the retinal circulation and is able to detect vascular abnormalities at capillary level, including infarctiop, capillary closure, oedema and new vessel formation. In vascular occlusion affecting the main retinal vessels, an angiogram may indicate the patency of the involved vessels and demonstrate the type of retinal response to the occlusion. In retinal arterial occlusions the response is invariably one of ischaemia, but in occlusions of the retinal veins the response may be ischaemic with wide areas of capillary closure, or alternatively there may be a marked capillary dilatation with oedema, or a combination of both may occur. The differentiation of these two responses has some clinical relevance, since occlusions associated with capillary closure may give rise to new vessel formation either in the iris and angle of the anterior chamber leading to thrombotic glaucoma -as in the case ofcentral retinal vein thrombosis, or in relationship to the optic disc leading to vitreous haemorrhages -as in the case of branch vein occlusions.
Fluorescein angiography has a valuable role to play in the management of diabetic retinopathy as well as all retinopathies associated with capillary closure and new vessel fonnation. Photocoagulation is now the accepted therapy of proliferative retinopathy when new disc vessels are present and it.ishelpful in cases where new vessels occur in the periphery.
Controlled clinical trials have also shown photocoagulation to be of use in the management of background retinopathy in reducing the maculopathy or halting its progress. In all these situations it may be important to detect the areas of capillary closure which provide the stimulus for neovascularization, and fluorescein angiography is the only method for this. Similarly in peripheral retinal vascular diseases, such as those associated with sickle cell disease or retinal vasculitis, an angiogram may provide valuable diagnostic information and indicate the areas that need photocoagulation.
There are a number of retinal vascular diseases which are congenital or developmental in which vascular abnormalities such as aneurysms, telangiectasia or structural malformations give rise to localized or diffuse oedema and exudation, often pooling in the macular region and causing progressive impairment of central vision. Coats' disease is the classical example of this but there are several other related conditions. At times the exudative response at the macula may mask the underlying vascular abnormalities and fluorescein angiography may be the only method of demonstrating the extent of these vascular changes which are often amenable to photocoagulation or cryotherapy.
Macular disease
The fluorescein angiogram presents basic information on two main structures in the posterior fundus: the retinal circulation and the pigment epithelium. Disturbances of the latter may be the result of underlying pathological changes in the choroid or in the pigment epithelium itself, or more rarely, they may arise from disease in the overlying retina. The majority of these changes arise in the macular region giving rise to a large spectrum of macular diseases all of which, by virtue of their position in the retina, lead to impairment of central vision. Fluorescein angiography therefore plays a valuable role in the diagnosis and differential diagnosis of macular lesions, but since an adequate clinical examination is usually sufficient to distinguish the majority of common macular disorders, angiography is seldom necessary on diagnostic grounds alone.
Parallel to the development of the technique of angiography has been the maturation of photocoagulation, particularly by the argon laser, as a method for treating macular disease. Macular disorders fall into two basic groups: those in which the disease is primarily atrophic with loss of pigment epithelium and choriocapillaris in various degrees, or those in which the disease is associated with the collection of fluid within the tissue spaces in the macular region or in the retina itself. In the former conditions positive therapy by photocoagulation is of no value, but in those cases associated with fluid, treatment may be possible and it is in these situations that fluorescein angiography finds a valuable use.
Fluid in the macula may arise either from focal areas of leakage in the pigment epithelium such as occur in central serous retinopathy, or from more diffuse leakage as in simple pigment epithelium detachment. Alternatively, and with far greater prognostic significance, the fluid may arise from subretinal neovascular tissue arising from the choriocapillaris and extending through Bruch's membrane into the subretinal space. These ingrowths of vascular membranes are a consequence of senile changes or they may be associated with a number of retinal conditions including inflammations, myopia, trauma, angioid streaks and various other degenerative fundus diseases. The subretinal vascularization and its sequelae of haemorrhage and subretinal fluid form the basis of the disciform macular response which is such a potent cause of impaired central vision in the elderly.
The position and extent of the subretinal neovascular membrane can be demonstrated only .by fluorescein angiography, as even a thorough clinical examination will not give enough information about the site and nature of the disturbance. The relationship of the membrane to the avascular central zone in the fovea is of paramount importance in therapy, since photocoagulation in this area is only safe if it is sufficiently far from fixation to avoid the complication of immediate or late loss of central vision due to scarring. Early small subretinal membranes in asymptomatic eyes or eyes with premonitory symptoms can also be detected by angiography, although in practice changes develop so rapidly that very often the angiogram is undertaken too late; some mechanism for emergency angiograms and their processing should be available in centres where treatment with laser is possible.
Fluid may also collect in the interstitial spaces of the retina in the macular region. The source of this oedema is the terminal retinal capillaries which form an arcade around the central avascular zone. The presence of macular oedema. particularly when in small amounts, is a difficult clinical diagnosis and angiography can display the extent and distribution of the intraretinal fluid very effectively. The causes of macular oedema are multiple and include local and general vascular disease, intraocular inflammation, aphakia and certain drugs. The angiographic pattern of the oedema depends on the architecture of the foveal capillary network and minor distortions of this network by preretinal membranes or traction can be demonstrated. One of the complications of chronic macular oedema is the formation of a lamellar macular hole which may be very difficult to detect clinically and yet carries an important clinical significance; angiography may be the only method of displaying this.
In the large number of macular disorders which are primarily atrophic, fluorescein angiography may be of value in following the progress of the central changes, particularly where subjective tests of macular function are difficult. However, angiography is rarely necessary in the diagnosis of macular dystrophy as more information can be obtained from electrodiagnostic studies. It is hoped that the technique would be of value in the early diagnosis of toxic maculopathies such as occur with chloroquine and its derivatives, but it now seems that more sophisticated forms of visual-field testing and measurement of macular function allow the condition to be identified before overt macular changes are evident.
Ocular tumours
The early promise that fluorescein angiography would be the most valuable test in the differential diagnosis of choroidal tumours has not been upheld. Although it is possible to generalize on the angiographic appearances of the main three choroidal lesions -malignant melanoma, choroidal haemangioma and choroidal metastasis -the differentiation is still difficult to assess from a single angiogram. In practice, fluorescein collects in the tissue spaces and vascular channels in all these lesions and the final pattern of abnormal fluorescence may look very similar. By special attention to the rate of filling of the vascular disturbance within a tumour, it is sometimes possible to differentiate a haemangioma from a malignant melanoma, but the test is not specific and should only augment other evidence from clinical examination. Fluorescein angiography is of more value in the follow up of undiagnosed lesions, since it may be possible to detect internal changes within a lesion which suggest malignant progression. In large choroidal tumours there are technical difficulties in photographing anything more than the surface of the lesion and angiography is of very little help. Benign choroidal naevi may be diagnosed by angiography, although in most cases the technique is unnecessary. Most naevi have no intrinsic fluorescence, and the appearance on the angiogram depends on the level of the lesion in.the choroid. Superficial lesions will mask underlying choroidal fluorescence, whereas deep lesions will be covered by a normal choriocapillaris and may not show on the angiogram at all. Intrinsic fluorescence iIVlchoroidal naevus must be regarded with some suspicion for, although malignant change in these benign lesions is rare, this may be an indication of some increased cellular activity and follow-up studies are recommended.
In the case of rare pigment epithelial tumours and tumours related to the optic disc, an angiogram will display the vascular changes and give information on the state of the pigment epithelium, but it is rarely diagnostic and its true value is in the follow up of these lesions.
